Photocatalysis is one of the most promising methods owing to its great potential to relieve environmental issue. To construct efficient photocatalyst with low energy consumption, mild catalytic conditions, and stable chemical properties are highly desired. In this work, a novel, highly active and environmental friendly mesoporous photocatalyst Bi 4 O 5 Br 2 /SBA-15 was synthesized by hydrothermal method, and its characteristics and visible-light catalytic activity were investigated. The synthesized photocatalyst consisted of Langmuir type IV hysteresis loops, which was confirmed to be a composite material with mesoporous structure. It exhibited a high visible-light absorption intensity and a low recombination rate of photo-generated electrons and holes. When the mass ratio of Bi/SiO 2 was 30/100 during the synthesis, the obtained photocatalyst (Bi 30 /SBA-15) reflected the fastest Rhodamine B (RhB) removal rate and achieved 100% decolorization of RhB by both adsorption and degradation process. This high decolorization efficiency can also be maintained and realized by recycling the used composite in practice. The enhanced visible-light photocatalytic activity of novel Bi 4 O 5 Br 2 /SBA-15 photocatalyst can be ascribed to the existing active sites both inside and outside SBA-15 which enhanced the separation of photo-generated electrons and holes.
Introduction
Photocatalytic technology has been considered as a promising method for wastewater treatment [1] . Highly efficient photocatalysts with low energy consumption, mild catalytic conditions, and stable chemical properties are most feasible in practice. Recently, bismuth-based photocatalyst has aroused much attention because of the excellent optical properties and visible-light photocatalytic activity [2] , such as Bi 2 MoO 6 [1] , BiWO 4 [2] , Bi 4 Ti 3 O 12 [3] , BiOX [4] (X = F, Cl, Br, I), Bi 4 O 5 Br 2 [5] and so on. Among them, Bi 4 O 5 Br 2 is a new type of bismuth-based semiconductor photocatalytic material, and possesses good photoelectric properties. The crystal structure of Bi 4 O 5 Br 2 is similar with BiOX, which belongs to the tetragonal crystal form [6] . Bi 4 can be modified to enhance the separation rate of photogenerated electron and holes by using halogen atoms adjustment [7] [8] [9] and breaking the stoichiometric layered structure to form a nonstoichiometric layered structure [10] [13] . Compared with other bismuth-based photocatalyst, Bi 4 O 5 Br 2 has some advantages such as special facets, excellent catalytic activity, high separation rate of photo generated electron and holes, environmental friendliness and simple synthesis methods [5] [14] .
However, the shortcomings of small specific surface area, poor thermal stability, difficulty in recovery and agglomeration for Bi 4 O 5 Br 2 should be overcome, and immobilization of Bi 4 O 5 Br 2 provided a feasible method. Activated carbon, ZrO 2 , SiO 2 and zeolite molecular sieves had been used as carrier for the immobilization of semiconductors. Among these materials, disordered porous structure and stability limited the application on photocatalyst modification. SBA-15 is a kind of silicon-based molecular sieves with self-ordered mesoporous material, which has uniform pore size, large pore structure, high surface area and good stability in acid and alkaline conditions [15] 
Characterization

Photocatalytic Activity Measurement
RhB solution (10 mg/L) was used to evaluate the photocatalytic activity of the obtained composites under visible light irradiation. A 300 W xenon lamp with a 420 nm cut-off filter provided visible light irradiation. A same photocatalyst dosage of 0.2 g/L was used for all the tests. Prior to visible light irradiation, the mixtures of RhB and photocatalyst were magnetically stirred in the dark for 30 min to ensure the establishment of an adsorption-desorption equilibrium of RhB on the catalyst surface. Then, the solution was irradiated by xenon lamp. At given irradiation time intervals, 4 mL of the mixtures were collected and centrifuged at 10,000 rpm for 10 min to remove the photocatalysts. The residual concentration of RhB was analyzed with a 725N UV-v is spectrophotometer. The RhB solution temperature was controlled at 19˚C ± 2˚C during the whole experiment.
Active Species Trapping Experiment
To detect the active species produced during the photocatalytic process, such as superoxide radical ( 2 •O − ), hole (h + ) and hydroxyl radical (•OH), active species trapping experiments were carried out by adding scavenger into different RhB solutions. The scavengers were p-benzoquinone (p-BQ), sodium oxalate (SO), and iso-propanol (IPA), respectively. The dosage of each scavenger was 1.0 mmol/L. Figure 3 . The image of pure SBA-15 clearly has well-ordered mesoporous hexagonal arrays (Figure 3(a) ) and one-dimensional channels of the mesoporous structure (Figure 3(d) ) with a diameter of 7.3 nm. The results demonstrated the high ordering level obtained from silica synthesis and confirmed the pore size distribution [21] . Figure 3 In order to study the elemental composition and valence state of the photocatalytic materials, XPS analysis of Bi 30 /SBA-15 was performed (Figure 4) . The survey XPS spectrum of Bi 30 /SBA-15 confirmed the existents of Si, C, O, Bi, and Br elements. The appearance of element C may be caused by CO 2 from the sample absorption of air during the analysis [22] . In Figure 4(b) , the peak at 103.6 eV is corresponding to Si 2p spectrum, which is the characteristic peak of Si-O-Si band in SiO 2 of SBA-15 and the characteristic peak of Si 4+ [23] [24] [25] .
Results and Discussion
Characterization of Bi4O5Br2/SBA-15 Composites
A high resolution energy spectrum of O 1s with two main peaks (Figure 4(c) [31] [32] , respectively, and its corresponding spectra were 3d5/2 and 3d3/2, thus its valence was −1. Results of the XPS spectra indicated that the measured elements corresponded to the elements in the synthesized samples. •O − (Figure 7(a) ). As shown in Figure 7 (a), the photocatalytic activity of Bi 30 /SBA-15 slightly decreased when the capture agent IPA was added. In the case of capture agent p-BQ, the photocatalytic activity of the synthesized photocatalyst was significantly reduced after its addition in the photocatalytic process. When adding SO, the photocatalyst showed almost no effect on the decolorization of RhB, implying the catalytic activity was significantly inhibited. The result indicated that h+ played the main role in RhB degradation under visible light.
For evaluation on the stability of the photocatalytic activity of the prepared 
Conclusion
